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earliest points in development is important for understanding the etiology of ADHD symptoms and for developing and targeting interventions in this population. Here we report the results of a national population-based study of outcomes following EP birth. The aims of the present report were to investigate the prevalence and antecedents of ADHD symptoms in EP children at 11 years of age and to determine whether these antecedents differed by symptom domain. We hypothesized that EP children would have significantly higher levels of inattention and hyperactivity/impulsivity than term born controls and that there would be a significantly greater risk for inattention than hyperactivity/impulsivity in EP children. We also hypothesized that early indices of biological and neurodevelopmental risk would more strongly associated with the development of symptoms of inattention than hyperactivity/impulsivity at 11 years of age.
METHOD Participants
All babies born at 25 completed weeks of gestation or less from 1 st March through 31 st December 1995 who were admitted for neonatal intensive care across the whole of the UK and Ireland were identified as part of the EPICure Study (n=811). There were no exclusion criteria and all births admitted to intensive care during the study period were identified. All surviving children were invited to participate in follow-up assessments, for which 283 (90% of survivors) were assessed at two years 6/31
of behavior problems at two years were also obtained using the Child Behavior Checklist (CBCL) 22 from which standardized T-scores (Mean 50; SD 10) were derived for internalizing and externalizing behavior problems with higher scores indicating greater problems. Parents' self-reports of their smoking in pregnancy were obtained and self-reports of their occupation were used to classify their occupational status into three categories: non-manual, manual and unemployed.
Outcome Measures at Six Years of Age (EP Children and Controls)
At six years of age, the NEPSY Developmental Neuropsychological Test 23 was used to assess neuropsychological skills. From this test three global scales were selected in order to provide an assessment of the cognitive domains most compromised by EP birth and previously shown to be associated with academic and behavioral difficulties in this population, namely (1) visuospatial processing (visuo-motor integration and judgement of line orientation); (2) sensorimotor skills (manual dexterity and fine motor skills); and (3) Attention/Executive Function (planning and monitoring, selective attention and inhibition and motor persistence). Standardized scores (Mean 100; SD 15) were derived for each of these three core domains. Data relating to children's performance on these measures has been published previously. 24 Neurodevelopmental outcomes were assessed using a battery of clinical and psychometric tests. Children's general cognitive ability (IQ) was assessed using the Kaufman Assessment Battery for Children (K-ABC) 25 from which a standardized Mental Processing Composite (MPC) score was derived (Mean 100; SD 15). Children who could not be assessed due to severe disability were assigned a nominal score of 39 (1-point below the lowest test score) to quantify IQ in the severely impaired range. Moderate/severe cognitive impairment was classified using the conventional SD banded definition of scores < -2 SD. However, as the welldocumented 'Flynn effect' results in an upward drift of standardised test scores over time 26 , the test scores of contemporary populations may be higher than published norms and the prevalence of impairment may be underestimated where obsolete tests are applied. 27 Thus it is recommended that contemporaneous reference groups are used to classify abnormality where possible. 27 As the K-ABC was standardised in the 1970s, we used the Mean (SD) of the contemporaneous control group to classify cognitive impairment (i.e., MPC < 82). A clinical evaluation was also performed from which 7/31 moderate to severe impairment in vision, hearing and gross motor function was classified for each child using the definitions provided above. These classifications were combined with MPC scores to identify children with serious neurodevelopmental disability defined as one or more of cognitive, vision, hearing or motor impairment. Neurodevelopmental outcomes for this cohort have been published in detail previously. 19 Head circumference was also measured from which a SDS for age and sex was calculated using the 1990 British Growth Standards. In addition, behavioural, social and emotional problems were assessed using the Strengths and Difficulties Questionnaire (SDQ) 28 completed by each child's parent and main class teacher. From these questionnaires, scores >90 th percentile of the term control group were used to identify children with clinically significant emotional problems, conduct problems, inattention/hyperactivity and peer relationship problems.
Congruence between parent and teacher reports of clinically significant difficulties was used to identify children with pervasive problems in each domain as these have been shown to have good diagnostic utility for childhood psychiatric disorders. 29 Data relating to behavioral, social and emotional outcomes at six years of age have been reported previously. 13 Outcome Measures at Eleven Years of Age (EP Children and Controls)
The primary outcome for this study was ADHD symptoms assessed using the Du Paul ADHD Rating Scale-IV (ADHD RS-IV) 30 completed by parents and teachers. This 18-item questionnaire, based on the diagnostic criteria for ADHD as described in DSM-IV
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, comprises two sub-scales to assess Inattention (nine items) and Hyperactivity/Impulsivity (nine items) symptoms. Three summary scores were derived for Inattention, Hyperactivity/Impulsivity and Total ADHD symptoms. For all scales, higher scores indicated a greater frequency of symptoms. To enable direct comparison of scores across scales, standard deviation scores (SDS; Mean 0, SD 1) were calculated for the three summary scores using age-and sex-specific control data as the reference. Similarly, a SDS of the mean of the parent and teacher scores was also computed for each child to provide aggregated multi-informant data recommended for assessing childhood psychopathology, particularly ADHD. 
Statistical Analysis
Data were analysed using STATA 10. 34 All growth SDS were calculated in STATA using the 1990
British Growth Standards for age and sex. Differences in ADHD-RS-IV scores between EP children and term-born controls were analysed using linear regression with results presented as differences in means with 95% confidence intervals (95% CI). A sensitivity analysis using multiple imputation was used to estimate the effect on inattention symptoms in the whole population of EP children alive at 11 years of age. Additionally, in children with IQ in the average range (MPC ≥90) and for subgroups of children with differing severity of neurodevelopmental disability at 11 years of age, differences in ADHD symptoms between EP children and controls were explored using multivariable linear regression to adjust for IQ (MPC at 11 years of age).
To explore antecedents of ADHD symptoms in EP children, variables were established a priori as potential predictors because of their documented association with adverse neurodevelopmental outcomes, and their univariable associations with ADHD symptoms were tested. Multivariate analysis was then used to test whether each predictor variable had significantly different associations with the combined parent and teacher inattention SDS versus combined parent and teacher hyperactivity/impulsivity SDS.
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Multiple linear regression was then used to identify significant independent predictors separately for inattention and for hyperactivity/impulsivity symptoms in EP children at 11 years of age. All P values are 2-sided and statistical significance is p<0.05.
RESULTS

Study Sample
Questionnaire response rates and the characteristics of children assessed at 11 years of age are shown in Table 1 . ADHD-RS-IV questionnaires were completed by up to 92% of parents and up to 95% of class teachers. Both parent and teacher questionnaires were received for 172 (79%) EP children and 134 (88%) controls. There were no significant differences in age and sex between EP children and controls, however parents of EP children had significantly lower occupational status compared with parents of controls ( Table 1) .
<TABLE 1>
A dropout analysis of EP survivors not assessed at 11 years and those with incomplete data (n=135) versus those with complete data (n=172) was conducted. This revealed that dropouts were significantly more likely to have parents of lower occupational status, non-white maternal ethnic origin, to have had NEC during the neonatal period or to have had a diagnosis of cerebral palsy or serious neurodevelopmental disability at two years of age.
ADHD Symptoms at Eleven Years of Age
The distribution of parent and teacher rated inattention and hyperactivity/impulsivity scores for EP children and controls is shown in Figure 1 . Between-group differences in mean scores are shown in Table 2 . Amongst all children assessed at eleven years, parents and teachers both rated EP children with significantly greater symptoms of inattention (Mean difference scores on parent ratings: 1.3 SD, 95% CI 0.9 to 1.6; Mean difference scores on teacher ratings: 1.0 SD, 95% CI 0.7 to 1.2) and hyperactivity/impulsivity (Mean difference scores on parent ratings: 0.7 SD, 95% CI 0.4 to 0.9; Mean 10/31 difference scores on teacher ratings: 0.4 SD, 95% CI 0.1 to 0.6) than term-born controls. For both parents and teachers, the effect size was consistently greater for inattention (parent 1.3 SD; teacher 1.0 SD) than hyperactivity/impulsivity (parent 0.7 SD; teacher 0.40 SD). Among EP children, both parent and teacher rated inattention scores were significantly higher than hyperactivity/impulsivity scores (p<0.001).
<FIGURE 1> & <TABLE 2>
When children with both parent and teacher data were considered (EP n=172; Control n=134), parents rated EP children with significantly higher inattention (mean difference: 1.2 SD, 95% CI 0.9 to 1.5) and hyperactivity/impulsivity (mean difference: 0.6 SD, 95% CI 0.4 to 0.9) than controls, with a greater effect size for inattention than hyperactivity/impulsivity. In contrast, teachers rated EP children with significantly higher inattention (mean difference: 0.8 SD, 95% CI 0.6 to 1.1) but not hyperactivity/impulsivity (mean difference: 0.2 SD, 95% CI -0.0 to 0.4) than controls ( Table 2 ).
Inattention and hyperactivity/impulsivity scores were highly correlated in both groups (EP children r=0.72; Control r=0.80; p <0.001) and analysis of the mean of the parent and teacher SDS produced the same pattern of results with significant between-group differences in both symptom domains and a significantly greater effect size for inattention (mean difference 1.2 SD; 95% CI 0.9 to 1.5) compared to that for hyperactivity/impulsivity (mean difference 0.5 SD; 95% CI 0.2 to 0.7) ( Table 2 ). Using multiple imputation to estimate the effect on outcomes in the whole population of EP children alive at 11 years of age, the mean difference in inattention was 1.3 SD (95% CI 1.06 to 1.49).
ADHD symptom scores by severity of neurodevelopmental disability at 11 years of age are shown in Table 3 . The differences are consistent with the results by group overall, with no significant differences between EP children and controls in hyperactivity/impulsivity in any disability subgroup.
For those with no or mild disabilities, EP children had significantly higher inattention scores than controls. Adjustment for IQ attenuated this effect but with a significant difference remaining between EP children and controls with no disabilities. In the combined mild and no disabilities subgroup, the difference in inattention after adjustment for IQ remained statistically significant at 0.43 SD (0.12 to 0.74). This effect was unaltered when also adjusting for parental occupational status at 11 years.
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Antecedents of ADHD Symptoms in EP Children: Univariable Analyses
The association of combined parent and teacher ADHD-RS-IV SDS with all neonatal, two-year and six-year variables detailed in the methods was explored. Table 4 shows those variables that were significantly associated on univariable analyses and whether these differed by symptom domain.
<TABLE 4>
Of birth characteristics and neonatal variables examined, not having received any breast milk by discharge was significantly associated with both higher inattention (0. hyperactivity/impulsivity in all three domains assessed ( Table 4) .
As noted above, the SDQ was used to identify children with pervasive problems in each domain, that is, where both the parent and teacher rated the child with clinically significant difficulties. Analysis of SDQ data revealed that pervasive conduct problems at 6 years were associated with higher inattention (2.02 SD, 95% CI 1.04 to 3.00) and hyperactivity/impulsivity 1.71 SD, 95% CI 1.00 to 2.40), and the strength of these associations did not differ between domains. Similarly, pervasive hyperactivity/inattention at 6 years was associated with inattention (1.18 SD, 95% CI 0.60 to 1.76) and hyperactivity/impulsivity (1.00 SD, 95% CI 0.58 to 1.43), and the strength of these associations
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did not differ between domains. However, whilst pervasive peer relationship difficulties on the SDQ were also associated with both higher inattention (1.63 SD, 95% CI 1.00 to 2.26) and hyperactivity/impulsivity (0.75 SD, 95% CI 0.26 to 1.24), the association was significantly stronger for inattention than for hyperactivity/impulsivity symptoms.
Independent Predictors of ADHD Symptoms in EP children: Multivariable Analyses
As many of the predictor variables were highly correlated, multivariable linear regressions were used to identify significant independent predictors of ADHD symptoms in EP children using the combined parent and teacher ADHD-RS-IV scores for each domain. When all potential predictors were included in the model the following was observed (Table 5) .
<TABLE 5>
By discharge from hospital, not having received any breast milk was significantly associated with greater symptoms of both inattention (0.89 SD, 95% CI 0.25 to 1.52) and hyperactivity/impulsivity (0.57 SD, 95% CI 0.11 to 1.04), while non-white maternal ethnicity and an abnormal cerebral ultrasound scan were significantly associated with greater inattention only (non-white ethnicity: 0.58 SD, 95% CI 0.01 to 1.14; abnormal CUSS: 0.61 SD, 95% CI 0.01 to 1.22). Having been transferred within the first 24 hours after birth was significantly associated only with higher hyperactivity/impulsivity at 11 years (0.50 SD, 95% CI 0.02 to 0.98) ( Table 5 ). 
DISCUSSION
In this national population-based cohort study, we observed a significant excess of ADHD symptoms in EP children at 11 years of age compared with their term-born peers along both symptom dimensions. In particular, between-group differences were greater for inattention than hyperactivity/impulsivity, with average effect sizes of 1.2 SD and 0.5 SD for inattention and hyperactivity/impulsivity scores respectively. EP children also had significantly greater symptoms of inattention than hyperactivity/impulsivity on both parent and teacher reports, a pattern of findings that was not observed in the term control group. Although both inattention and hyperactivity/impulsivity were affected, these results indicate a stronger association of EP birth with the development of 15/31 attention deficits than with hyperactive or impulsive behaviors. As shown in Figure 1 , this may be conceptualized as EP birth shifting the normal distribution of inattention symptoms to the right.
Whilst EP children with lower IQ or more severe neurodevelopmental disability had greater inattention scores, there was still a significant excess of inattention symptoms in EP children without disability and after adjustment for IQ.
This pattern of findings has previously been observed in children born very preterm or with ELBW in both dimensional 4, 9, 11, 12, 14-16 and diagnostic studies in this 5 and other cohorts. 14 As noted earlier, this phenotypic profile has led authors to suggest that ADHD following preterm birth may arise from core deficits in attention that are associated with aberrant brain development following delivery at extremely low gestations. 5, 35, 36 Indeed, there is increasing evidence for a bi-factor model of ADHD in which disorders characterized by core deficits in attention (ADHD/I) may be considered as neurobiologically and behaviorally distinct from those in which a clinically elevated level of hyperactivity/impulsivity is also present (i.e., ADHD/C or ADHD/H). 37, 38 That ADHD sub-types may be characterized as separable disorders with differing underlying neural substrates is illustrated in the case of children born preterm in which the phenotypic profile differs from that of children with ADHD in the general population. 2, 8 However, the relatively greater risk for inattention has not been observed in all studies. 3, 7, 39 In the present study it is important to note that we also observed a significant increase in hyperactivity/impulsivity symptoms in EP children suggesting that the preponderance of inattention is accompanied by a sub-threshold increase in hyperactivity/impulsivity.
As such, we would suggest that ADHD following EP birth is primarily rather than purely an attention deficit disorder. The excess of inattention symptoms was not explained by lower general cognitive ability following EP birth in those with IQ in the average range, as EP children with MPC ≥90 still had greater inattention than controls with MPC ≥90 when adjusting for MPC. However, this was not true for hyperactivity/impulsivity which was accounted for by poorer general cognitive ability in EP children with MPC ≥90. versus hyperactivity/impulsivity, suggesting that the correlates of ADHD are symptom-specific. 16 However, Mulder and colleagues reported that processing speed and working memory were associated with both inattention and hyperactivity/impulsivity in VP children, although this was based on a small sample and used ≤3 questionnaire items to assess ADHD symptom dimensions.
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For both symptom domains, not having received breast milk by discharge from hospital was associated with higher levels of inattention and hyperactivity/impulsivity in both univariable and multivariable analyses. Although the lack of breast milk has previously been associated with the development of Autism Spectrum Disorders in this cohort, 41 this association is complex to interpret; it is difficult to disentangle to the degree to which factors such as early attachment, neurological deficits, gastrointestinal disorders and the putative role of breast milk in neuronal development contribute to psychiatric outcomes.
The results of our multivariable analyses indicate potential risk factors for later attention difficulties in EP children and may be helpful in identifying children at risk in routine clinical follow-up. Those with 17/31 abnormal cranial ultrasound scans during the neonatal period were at higher risk, as were those born to non-white mothers and with smaller head circumference and poor developmental test scores, particularly for motor development, at two years of age. Interestingly, high scores on parent completed behavioral screening tools at two and six years of age were associated with greater ADHD symptoms at 11 years. In general, internalizing problems and peer relationship difficulties were associated with an increased risk for inattention, and externalizing difficulties or conduct problems with an increased risk for hyperactivity/impulsivity. This is suggestive of differing comorbid symptoms for ADHD subtypes in this population and supports early identification of children at risk through easily applied screening tests and detection of potentially modifiable risk factors. Indeed, parent ratings on both the CBCL and SDQ have previously been shown to predict later psychiatric disorders, and we have previously reported that behavioural screening measures have good predictive validity in preterm cohorts. 6 As such, screening for behavior problems in preterm survivors may have clinical utility for identifying children at risk and timely identification of children with attention deficits may facilitate the provision of early intervention strategies. Behavioral parent training is frequently recommended as an evidence-based psychosocial intervention for improving functional outcomes in children at risk of developing ADHD 42, 43 and may therefore be offered to preterm children who exhibit risk factors on preschool assessments. There is also emerging interest in the efficacy of attentional training in infancy and early childhood for improving cognitive control and preventing ADHD symptoms. 44, 45 However it remains an open question whether such approaches may help ameliorate attentional impairments in children born EP.
In general, parent ratings of ADHD symptoms were higher than teacher ratings for EP children by up to 0.4 SD, but this was not observed in the control group. This may be due to parents' sensitivity and perception of their child's birth status compared to teachers who may not be aware of a child's clinical history. Teachers also have several children to compare to in the class which may result in underrating compared to parents. It has also been noted that teachers' ADHD scores can show instability over time 32 and because we cannot tell how knowledge of children's birth status may have affected
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individual's responses we used the average of the parent and teacher's scores for exploring antecedents of ADHD symptoms.
The strengths of this study lie in the use of longitudinal data from a large national, population-based study of outcomes following EP birth. Validated tools were used to assess neurodevelopmental outcomes from two to six years of age and ADHD symptoms at 11 years of age. Examiners were also blind to children's group allocation and clinical history when conducting assessments. We also obtained multi-informant data on behavioral outcomes at both six and 11 years as recommended for assessing childhood mental health outcomes. 29, 46 However, despite the sample being drawn from the whole British Isles, there are limitations to our conclusions. Dropout analyses revealed that EP children who were not assessed at 11 years of age were more likely to have poorer neurodevelopmental and cognitive outcomes at 2.5 and 6 years of age than those who were assessed.
As poor neurodevelopmental outcomes were associated with increased ADHD symptoms, particularly inattention, the selective dropout may have the effect of underestimating the prevalence and severity of ADHD symptoms in the whole EP population. A sensitivity analysis suggests that the effect on inattention in the total EP population is a slight underestimate (-0.1 SD). However if the relationship between predictors and outcomes in the dropouts versus those assessed is similar (i.e., the data are Missing at Random), the relationships shown should not be biased. We also noted that the parents of EP children had lower occupational status than those of the controls. This may have impacted on our findings in terms of inflating the mean difference in ADHD symptoms between the EP children and controls. Future studies could explore the impact of various indices of socio-economic status on the development of ADHD symptoms in this population and the role of other key factors such as maternal substance abuse or alcohol use. As our findings are based on EP children, caution should be taken if generalizing to children born at later preterm gestations. Future studies should further explore the etiology of ADHD in preterm populations, including those born at more mature preterm gestations, to determine the best approaches to treatment. Such studies should focus on elucidating the specific cognitive and social processes that underlie ADHD symptoms, particularly inattention, to aid in the development of intervention strategies for reducing the severity and impact of such difficulties on 19/31 everyday functioning. Given the high levels of ADHD and ASD in this population, the co-occurrence of antecedents (e.g., cognitive impairments, not having received breast milk by discharge) and the association of peer relationship difficulties with inattention symptoms, future studies investigating comorbidities in this population are warranted. In addition, we utilized a dimensional approach to explore antecedents of the ADHD symptoms, for which we used parent and teacher reports to assess psychopathology. Future research should explore the role of neurodevelopmental and neuropsychological factors in the development of attention deficits measured through direct testing and diagnostic assessments of ADHD. Here we explored the presence of ADHD symptoms which may overestimate hyperactivity/inattention problems compared with diagnostic assessments of ADHD. 47 Moreover, the presence of comorbid psychiatric conditions, such as anxiety disorders and autism spectrum disorders which are more common among preterm survivors than children in the general population, may have impacted on the associations reported here. Future studies should explore the influence of other psychopathology on ADHD symptoms and the role of neurodevelopmental factors in EP children with comorbid disorders.
In summary, we have shown that EP children are at increased risk for ADHD symptoms, predominantly inattention, which are associated with neuro-cognitive deficits, peer relationship problems and internalizing behaviors earlier in childhood. This may have significant long-term implications as inattention rather than hyperactivity/impulsivity has a greater impact on academic achievement and life chances in preterm children. 14 Early cognitive and behavioral assessments may therefore be beneficial for early instigation of support to minimize the impact of these problems on longer term mental health and educational attainment. Figure 1 . Distribution of parent ( Figure 1a ) and teacher ( Figure 1b ) total scores for symptoms of inattention and hyperactivity/impulsivity at 11 years of age in extremely preterm children (EPICure) and term-born controls. Higher scores indicate greater symptoms. Bars indicate group mean and SD. Table 2 . ADHD symptoms in extremely preterm (EP; < 26 weeks gestation) children and term-born (≥37 weeks gestation) controls at 11 years of age assessed using the Du Paul ADHD Rating Scale-IV. Higher scores indicate greater ADHD symptoms. # SD Standard Deviation score using the term-born controls as the reference (term control group mean = 0; SD = 1). $ Adjusted for MPC at 11 years. *p<0.05, **p<0.01, ***p<0.001. Table 5 . Variables significantly and independently associated with inattention and hyperactivity/impulsivity symptoms in extremely preterm children at 11 years of age on multivariable regression analyses. 1 Bayley Scales of Infant Development 2nd Edition, Psychomotor Development Index score (Mean 100; SD 15). 2 Child Behavior Checklist T-scores (Mean 50; SD 10). 3 Kaufman Assessment Battery for Children, Mental, Processing Composite score (Mean 100; SD 15). 4 SDQ Strengths and Difficulties Questionnaire; pervasive refers to congruence between parental and teacher categorisation of clinically significant problems (scores >90 th percentile of term-born controls). 
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